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Abstract,  We harecbbained botal and polatized inbsnsity images of 15 AGH=
with the VLE A at 7 mm at 17 epochs, acoompanied at maty epochs by neatly
sitmilbanecis measturements of polarization at 1.25/0.85 mm and at optical wave
kngths, Analysis of the data shows an obvicus comnection betrreen the polarized
etmizmion at high fequendes and the most sbromgly polarized featiires in parmec-
scal= jet=. The largest devriaticos bebresn polarization parameters at difflerent
frequiencies are detect=d when a new compact koot eimerges fom the cor=, and
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are likely caused by very short fime-scale (<1 we=k) polarizabion variakility
cduiring the events.

1l. Imtroduction

Optically viclent variable quasars and BL Lac objects form the meost energetic
class of active galactic nuclsi (AGIMs), blazars. Elazars have highly reativistic
radio jets and display strong and variable linear polarization from radio through
optical wavelengths. VLEI has now progressed to the point that one can image
theradio jet in total and polarized fux with resclution of 0.1 mas (e.g. Maracher
et al. 2002, Attridge 2001). This provides a unique opportunity to sesrch for
reations between the polarization variability at high frequencies and structural
and polarization changes in VLBI maps that can establish connections between
different emission regions in the source. Such observations are complicated by
requirament of simultaneous measurements at different wavelengths., Gabuzda
£ Sitho (1994) and Gabuzda et al. {1996) analyzed nearly simultansous optical
and & em VLEI polarization data of 8 blazars (EL Lac objects and the quasar
30279 ) and found that the optical polarization position angle is aligned with the
radio polarization position angle either in the VLEI core or in the jet com ponent
nearest to the core. They noted that strong optical polarization in thess sources
is associated with the formation and emergence of new cpmpact knots. Lister
Iz Smith (2001) have obesrved 18 high and low optically polarized radic-loud
quazars with the VLBA (Very Long Fagebne Array) at 22 and 43 GHz and in
the optical region. They found a strong corrdation betwesn the polarization
Ievel of the unresolved parsec-scale radio core at 43 GHz and the overall optical
polarization of the source This impliss a co-spatial origin of the emission at
these wavelengths, Therefore, investigation of the evolution of parssc scale jet
structure combined with multi-frequency polarization variability is one of cnly
a faw ways to relate high-frequency emission with specific features in AGI jets.

We have obtained total and polarized intensity images of 15 AGHs with the
VLEA at 7 mm at 17 epochs from 25/ 26 March 1998 to 14 April 2001, The
VLEA cobservations are accompanied at many epochs by nearly simultaneous
{within 2 wesls ) measurements of polarization at 1.35 /0.85 mm as well at optical
wavelengths. In this paper we present results that show substantial connections
between VLEL jet features and polarization properties from radio to ophical
frequenciea.

2. Sample and Observations

We obesrved AGHMs characterized by resclved structure on 43 GHz VLEI images
{Tlaracher et al. 2002 ) and high degres of linear polarization at 350 GHz (TMartallo
et al. 1998). The sample consists of 8 quasars (0120014, 05284131, 3T 279, 3C
273, 1510089, 30 345, CTA 102, and 3C 454.3), 5 BL Lac ohjects (3C 664, O
287, 18034784, 18234568, and BL Lac), and 2 radic galaxies (3C 111 and 3C
120).
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The VLEA obssrvations were carried out at 43 GHz in both right and l=ft
curcular polarization. Theright-laft phase difference was calibrated in the Astro-
nomical Image Processing System (ATPS) using a scan of 3C 279, whils instru-
mental polarization “D-terms” were determined via the method of Leppinen
et al. (1995). The electric vector position angls (EVPA) calibration was ob-
tained by different methods: compariscn with quasi-simultanecus Very Large
Array (VL A) obearvations, a method bassd on the assumption that the Crterms
change slowly with time, and using EVFPA-stable features in the images of the
jets in 3T 279, OF 287, and CTA 102, Saquences of images for all sources can
be found on cur web-sits: www.bu.edu /blazars.

Obesrvations at 1.35 and 085 mm were performed at the James Clerk
Maxcwell Telsscope (JTCMT) using SCUBA (Haolland et al. 1999) and its pa-
larimeter | Greaves et al. 2003). Flux calibration was achisved with chesrvations
of the plansts ar JOMT secondary calibrators. The instrumental polarization (of
about 1%) was measured during each run by making chesrvaticns of 4 compact
planet, usually Uranus.

Optical obearvations were obtained using the Steward Obesrvatory L5 m
telescope located on M. Lemmon, Arizona. Polarization and photometric mea-
surements wers acquired with the Two-Holer Polarimster, Photometer | Sitho et
al. 1935). All polarization messurements were unfiltered I_r.‘n.,ﬁ ~ G000 —T000A4 ],
eccept 30 273, where a Kron-Cousins K filter was used to avoid major emission-
line features. Daba reduction of the polarimetry followed the procedure described
in Smith et al. {1992). The instrumental polarizaticn was found to be =0.1%,.
Stars with known polarization (Schmidt et al. 1992) wers cbaarved during each
run to calibrate the position angle of the measured polarization.

4. Helation between Polarization Properties and VLEBI Structure

Compariscn of direction of the linear polarization (electric vector poasition angls,
EVFA] at sub-mm and optical wavelenghs with the jet structure and EVPA of
the VLEIL core or brightest polarized jet feature sug gests separation of the sample
into four classes.

The first class is exfremly polarized blazars, which includes 2 quasars, 3C 279
and 3T 345, and 3 BL Lac objects, 3T G5 A, 182345688, and BL Lac. In thess
sources a significant portion of the parsec scals jet is polarized higher than the
noiss level, with degres of polarization of the brightest polarized feature (core
or knot nearest to the core) up to 15%, whils the cverall optical and sub-mm
fractional pelarization reaches 20-30% (Fig. 1, lsft panel]. Such high linear
polarization implies a well ordered magnetic field. Variations of the EVPAs at
all frequencies do not deviate more than 30° from the direction of the innermaost
jet at nearly simultanscus spochs (Fig. 1, right pansl; see also Stirling =t al.
2003). A higher fractiomal polarization at optical wavdengths indicates that
the higher frequency emission originates in a localized section of the 43 GHz
SMmisgion region.

The second class is polarized VLB -eore-dominafed sources. This class con-
sists mostly of quasars (0420-014, 05284134, PSS 1510-089, and 22304114,
although one BL Lac object, OF 287, shows similar properties. In these sources
the meost prominent polarized feature of the jet at 43 GHz is the VLEL core. The
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Figure 1.  Lef ponel: Varability of the poladzation in the most polarized
component near the core (fiangles), at sub-mm [c:h:me::_.l and optical |asber-
isk) warelengthe. Right panel: Variahility of the EVFPA in the most polarized
componett near the core (tiangles), at sub-mm (crommes) and ophical {asber-
izk) wavelengthe for the quasar 3C 279, Squares shoor postion angle of the
immermost jeb.

[ ] L |
i.'-“ ™ ."'& " A%
E" ol :.: L gt & ey s
- Tanto T
i ﬁﬁ&‘-"’r"r"ﬂ' MMW | ’:l,g, ?k |

Figure 2. Leff ponel: Vanahility of the polatization in the 7 mim VLEI core
(triangles), at sub-mm (crosses) and ophical jasterik) wavelengthe. Right
panel: Variahility of the EVPA i the VLEL core (tiangls), at mib-mm
jcromsas) and aptical | astetisk | waveletgthes for the cquasar I:l-.l."l'_'I 014, Attows
shor Hime of sjechion of superlimmal koots. Squares show postbhion angle of
th= intetmost j=t.

polarization of the core is variable both in degres and direction and might be
aligned, transverss or oblique to the innermest jet direction at different epochs.
Mevertheless, the polarization at high frequencies strongly correlates with that
of the VLEL core except during periods connected with the formation of a new
disturbance later identified as asuperluminal knot. In such cases, inconsistency
bebtween parameters at different frequencies results from very short time scales
of variability | ~1-2 days) with frequency-depandent lags. For example, the frae-
tional optical polarization of the quasar 0420—014d changsd from 26% to 14%
within 3 days in September 2000 when a superluminal knot with apparent spesd
T+ % (Jorstad et al. in preparation) was ejected (Fig. 2, ldft panel]. Thess
events are characterized by very strong rotation of the EVPA in the core (ses
Fig. 2, right panel] which is most likely cansed by achange in opacity of the jet
as the disturbance propagates through the core region.
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Figure A Left panel Vatability of the fackion polatization in the VLEI
knoti tiangles), at sub-mm (crosses) and ophcal (asterisk) wavelsngths for
the quasar 3 2T, Right panel: The 43 GH= tokal {conboirs) and polarized
(grey mcale ) inbetmity image of the BL Lac objact 12024 TE). Sticke indicate
diteckion of the aleckric weckor.

The third class is polarized VEEBbnof-dominated AGMs. These sources,
the 2 radio galaxies and the quasars 30 273 and 30 4543, have unpolarized or
vary weekly polarized cores. The polarization at 43 GHz arises from a bright
superluminal feature. The fractional polarization and EVFPA of this feature are
vary similar to these in the sub-mm (se= Fig. 3, l&ft pand). This suggests that
the VLEIL coreis intrinsically unpolarized, since Faraday effects are unlikdy to be
important at sub-mm wavelengths. However, the optical polarization appears to
relats to that of neither a mm-bright knot nor the overall sub-mm polarization.
This impliss another origin of the polarized optical emission than is apparent in
the radio jet.

The fourth class includes only cne source, the BL Lac object 18134781, The
gource has highly variable sub-mm polarization (from 1% to 11 %), However,
this is difficult to relate to mm polarization since the meost polarized feature of
the jet, the core, has fairly stabls, circumnferential polarization (sse Fig. 3, right
panel]. This might imply a very small angls between the jet and line of sight.
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